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(54) Method of detecting and 
characterizing a nucleic acid or e 
sequence of the letter, and 
enzymatic reectant for the 
application of this method 



(57» A method for detecting the 
possible presence of a DNA fragment, 
notably of a gene, in the midst of a 
complex sample of nucleic acids 
comprises the hybridization of the 
sought fragment with a RNA probe. 



this being, prior or subsequent to the 
hybridization reaction, modified by an 
enzyme, which may be applied to 
seeking of particular genes or DNA 
fragments in the midst of a biological 
sample 

An enzyme coupled, either directly 
or via a bridging agent, to ribonucleic 
acid (RNA) or desoxyribonudeic acid 
(DNA). 

An enzyme bonded to a compound, 
which product is capable of bonding 
with RNA or DNA. 
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SPECIFICATION 

Method of detecting and characterizing a nucleic acid or a sequence of latter, and en*Vmetic 

reactant for the application of this method 

The invention relates to a method for detecting the presence and. if necessary, characterising a 
5 nucleic acid or a sequence of the latter in a specimen which can contain it. It relates also to the 6 
reactants necessary for the application of this method. Finally it relates also to the application of such a 
method, among other possible applications, to the rapid in vitro diagnosis of the presence In a biological 
specimen; derived notably froom a human or animal host, of particular nucleic partides. foe exampls 
infectious m nature, or again the integrity or not of this or that particular gene belonging to the normal 

10 genetic patrimony of the host 10 
It is not necessary to dwell on the extraordinary richness in various nucleic acids which any 
biological specimen can contain, for example Wood, which it is possible to sample from any living 
creature. It is also the same regarding different sequences, for example, of numerous genes which any 
particular nucleic acid may contain in this specimen; whence the immense cSfficulties that the 

1 5 genetician may encounter at the level of the detection or characterization of certain nucleic acids in a 16 
specimen, difficulties which also arise as soon as there is a question of characterizing the presence of 
certain fragments, for example of genes, contained in these nucleic acids. 

The characterization of a particular nucleic acid or of particular genes — for example for the study 
of the organization of genetic sequences the DNA which contains them — hence involves the 

20 production previously from the medium studied, of a fraction enriched in this nucleic acid. To this and. 20 
there have already been proposed enrichment techniques exploiting hybridation reactions between the 
nucleic acid or the gene sought and a probe, to the extent thatthe latter was available and when the 
hybrids formed could then be separated from the medium, for example by differential sedimentation in a 
solution subjected to ultra -centrifugation. 

25 Such probes have already been described: they are generally constituted by ribonucleic adds 26 
(RNA. DNA). such as the RNA obtained in the course of the genetic transcription of the structural genes 
contained in the desoxynudeic adds (DNA) of the cellular organisms from which they originate, meat 
RNA being then capable of being themselves "translate*" ^Tc protcir.s capable of being coded by theaa 
structural genes. It is known that these RNA have sequences of nucleotides complementary to those of 

30 the DNA from which they are derived, this complementarity being manifested by the capadty possessed 30 
by these RNA to form mixed hybrids with corresponding sequences of these DNA previously denatured, 
inasmuch as the latter were initially bi-catenary. for example after incubation in a hign ionic strength 
medium and at a high temperature or in a basic medium. 

It has been suggested to have recourse, for marking the hybrids formed, to radioactive labeling 

36 either of the genes themselves, or of the RNA probes. These techniques are howevor difficult to put into 36 
practice and. in addition, do not always enable satisfactory localization of the genes concerned in their 
DNA. 

It is with the object of permitting easier localization of the genes under study in the DNA 
containing them, and of promoting a method of obtaining fractions enriched in predetermined segments 
40 of DNA from these same DNA that Manning et al. proposed a physico-chemical detection technique tor 40 
these genes, consisting of chemically modifying the RNA probe, by fixing biotin groups to the latter, 
through bridges formed by groups derived from cytochrome C and fixing physical marks visible with the 
scanning (electron) microscope, to the DNA. after hybridization with the probe, termed by suto micro- 
scopic spheres having diameters of about 60 nm, notably based on po:y(msthacrylate). prsviouely 
46 modified chemicaly and coupled in covalent manner to avidin molecules (notably in the ertldet entitled 46 
ANew Method of insitu Hybridization *'. Chromosome (Berf.) 53. 107—1 17 (1976). Springer-Verleg 
1 976 and "A Method tor Gene Enrichment Based on the Avidin-8iotin Interaction. Application to tfw 
DrosophUs Rfcosomal RNA Genes" . Biochemistry. Vol. 1 6. No. 7. 1 364—1 369. 1 97 7). 

In fact, the incubation of hybrids modified with biotin in the preaence of sub microscopic ephe res 
60 modified with avidin permits the labeling" and makes I oca table the positions of the desired genes in 60 
the DNA which contains them, with respect to the overall structure also visible in the electronic 
microscope of this DNA. due to the fact of the very powerful non -covalent interactions which are tfien 
produced between the sitae remaining free of the biotin and of the avidin. 

This method however is hardly applicable to the purposes of rapid detection of the presence or 
66 absence of such genes and of such DNA in s biological specimen derived from a human or animal host, 66 
tor exampl with the object of establishing rapid diagnosis either of the disease with which the host may 
possibly be afflicted, r of the integrity or not of a gene or of a~DN A sequence, for xsmple. »n tftis host 
The invention arises from the conversion of the Manning et coll. method, which conversion leads 
t techniques of detect ion. even of characterization, capable of being applied in the absenc of 
60 expensive equipment, by persons having only Irttf laboratory experience. *° 
The method of detection according to fte invention of the possfcte presence or of the 
characterization of a sequence or particular fragment f nucleic acid, notabry of a gene, even f the 
whole nucleic acid in a complex sample of nudeic acids, by contacting the sample, if necessary after 
prior denaturation of the nucleic acid under study, with a probe comprising a complementary nuc*e»c 
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acid, capable of being hybridiTed with the nucleic acid sequence or the nucleic acid sought, is 
characterized in that the reagent or probe used is a probe modified chemically by coupling or for its 
coupling with an enzyme prior or subsequent to the hybridization reaction, the possible presence of 
nucleic aciH sequence or of the nucleic acid sought being revealable by me action of the thus- 
5 transformed hybridization product of the probe and of the sequence of of the nucleic add sought on an 5 
enzyme substrate. 

Advantageously, the enzyme is selected according to its capacity to act on a chromogen substrate, 
which permits the measurement by optical or similar analysis, of the conversion ratio of the substrate, 
which ratio is then correctable with the presence or not of the nucleic acid sequence or of the nucleic 

10 acid sought in the initial sample. jq 
In a preferred embodiment of the application of the invention, the probe is modified by a chemical 
group capable of forming a stable complex with the enzyme or a molecule itself bound stably to the 
enzyme" Advantageously, the above-said chemical group and the above-said molecule are respectively 
constituted by biotin and avidin or vice versa, the enzyme being itself advantageously constituted by ft- * 

15 galactosidase. ^ 
fc It is self-evident that the chemical modification must be such that it does not prevent the possible 
subsequent hybridization of the probe with the ONA sequence or fragment sought 

It will immediately appear to the specialist that this technique permits a rapid determination of the 
presence or not in a biological sample of the gene or DNA fragment corresponding to the probe used. 

20 and this even in the presence of a considerable amount of other nucleic acids. This is particularly so due 20 
to the fact of the amplification at the level of detection which is obtained by the action of the enzyme 
fixed to the hybrid on the substrate brought into its presence. It is even possible, after sufficient 
purification of the hybrid, to obtain an indication as to the concentration in the DNA sought in the 
biological samples studied or as to the distribution ratio of the gene sought in a purified DNA, by 

25 measurement of the enzymatic activity observed. 25 
Starting from a nucleic acid sample to be studied, it is possible to first carry out the hybridization, 
then the coupling reaction between the chemically modified and hybridized probe, on the one hand, of 
the enzyme, on the other hand, to then proceed with th« «*r»araticn or the degradation of the possible 
excess of non -hybridized probe and of the excess enzyme which has not reacted with the probe, before 

30 carrying out the above mentioned measurement 30 
As an alternative, the separation or degradation of the possible excess of non -hybridized probe 
may be carried out before the coupling reaction between the chemically modified and hybridized probe, 
on the one hand, and the enzyme, on the other hand. 

The specific probe can be constituted by any specific RNA or DNA either single strand (mono- 

35 catenary), or denaturated previously by techniques known per se. if it relates to a DNA (or an RNA) 35 
initially double strand. 

When the chemical modification of the probe is carried out by means of biotin. it is possible to 
resort to the technique described by Manning et colt, in the already mentioned publications, through 
cytochrome C. notably in the proportion of one molecule of biotin on the average for about 100 
40 nucleotides. ^ 

Advantageously, recourse is then had for laoeling the hybrid by the enzyme, to the product 
resulting from the coupling of avidin and the enzyme, notably /J -galactosidase. by the Avrameas method 
r immunochemistry". 1 969. 6. 43 — 52). 

It goes without saying that it is possible to resort to other chemical modifications of ihe probe and. 
45 'f necessary, of the enzyme, to effect their coupling, preferably after the hybridization reaction, and that 46 
it is possible to reverse the moolfving agents of the probe and of the enzyme respectively. 

Other pairs of modifying agents of the probe on the one hand, and of the enzyme, on the other 
hand, may also be used. By way of example, the following pairs are mentioned, the first of these agents 
being preferably used tor the chemical modification of the probe and the second for the chemical 
modification of the enzyme. For example, the probe may be modified, by a known method, by metaJttc 50 
ons ( mercury for example) and the development is done by means of an enzyme having hydroeulphide 
group* (-SH), or coupled to a support including such groups. 

• it ^ v . wavo,t * am P*' which is of course non-limiting, of an experimental procedure which may be 

sr !K ! , ** m * h#ri Mmp,e 10 •"•lv»d is constituted by a blood specimen of some 

55 milliters, it is posslXe to operate as follows: 55 

The Wood cells are first lysed and the ONA is extracted therefrom by a conventional technique. 

t ™* mount * tn * t>NA obtained, tor example comprised between 1 and 100,ig. is denatured 
T th solution then being neutralized and brought back to pH 7. 

th*n J£I^ W l Ut<0n bUlo#d ' tht P™ 6 * corresponding to the DMA fragment or to the DNA sought is 

" l ^ d ln P«>PO«ton of about 1 of probe per 1 00 ,ig of denatured DNA (the amount of soda 60 
th^rnml'V. f^ 00 ° f Droo ° ft * on 01 • ou C ht the specimen to be analyzed). The solution Is 
omZ^^J"* M,t> for C °° m,dum a hi « h ,onic a < 0.3 M NaCI. in the 

hv^iMt^i I'™?* ! nd - •< "ow concentration, preferably in small volume. The 

65 alto JS ^nerytemperatureforl to 40 hour, (generally vemightMt is 

also possible to use th technique already ascribed by Manning. A. an alternative, any oth r 65 



60 
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hybridization technique can also be resorted to. for example, that described by KOHNE et at in 
Biochemistry; (1977) (76, 5329 -534 1). at ordinary temperature in a phenol emulsion. 

Avidin coupled to an enzyme such as /i-ga'actosidase is then added to the medium under 
conditions permitting the coupling of the biotm of the probe with the free groups of the avidin of the 
5 coupling compound of the avidin and the enzyme. 5 
T he non-hybridized reagent is then separated from the hybridized reagent by conventional 
techniques, such as precipitation with polyethylene glycol, passage over gel. for example that of the 
type named SEPHAROSE. ultracentrifugation. etc. 

As an alternative it is ako possible to carr\ out the separation of the non-hybridized probe before 
10 the coupling of the avidin bearing the enzyme with the biotin groups coupled to the hybridized probe 10 
with the DNA. 

The enzyme possibly fixed and consequently the possible effective hybridization of the probe with 
the DNA studied may be visualized or detected by placing in contact with the medium a substrate of th 
enzyme, notably that constituted by orthonitrophenol galactoside (ONPG). 
15 it is self-evident that the experimental conditions once well -fixed, it is possible to determine a 15 

* measurable activity threshold, for example, by a colon me trie or fluorographic technique, beyond which it 
is possible to conclude in the presence in the treated sample of DNA or of the DNA fragments sought 

The following description of a test carried out in the laboratory has simply the purpose of 
illustrating the manner in which the process according to the invention may be put into practice, it being 
20 obviously understood that the modifications at the level of techniques, according to the nature of the 20 
biogical specimen studied and of that of the DNA oi of the DNA fragment sought are within the evident 
scope of the technician skilled in the art. 

Experiments were carried out on the model consisting of detecting the presence of a mouse DNA 
by hybridization of this DNA with a mouse ribosomic RNA used as a probe. 
25 Mouse DNA (100 tig per 100 /it of aqueous solution) is denatured by addition of soda (10/jl of 1 25 

M NaOH). 10 minutes later, the solution was brought back to pH neutral by the addition of 10/jl of 1.5 
M acid sodium phosphate NaH 2 P0 4 . 

1 ug of ribosomic ^NA labeled with biotin by means of cytochrome C. prepared by the technique 
of Manning 6 Coll.. is ddded to the denatured DNA solution. The volume was adjusted to 1 60/d with 
30 water. 40 u\ of a solution having a concentration of mineral salts equal to twenty times that of the 30 
solution called SSC (abbreviation of the English expression "standard saline citrate") and 200 jjI of 
redistilled or deionized formamrrle was then added to the medium. It is recalled that the SSC solution is 
an aqueous solution of 0. 1 5 M sodium chloride, 0.0 1 5 M sodium citrate, at pH 7.0. 

The mixture was incubated until the next day at ordinary temperature, then dialyzed at 4°C 
35 against a solution having a double concentration of the SSC solution, then for 8 hours against 500 ml of 35 
a phosphate buffer at pH 7.0 containing phosphate at a concentration of 0. 1 M. sodium chloride at a 
concentration of 1 M and ethylene <diamine-tetrasodium acetate (EDTA) at a concentration of 0.01 M. 
The latter dialysis is then repeated twice, each tTme for 8 hours. 

The solution thus-obtained was treated with pancreatic ribonuclease for 1 hour at ordinary 
40 temperature, to obtain a final concentration of 1 0 ug per ml of ribonuclease. this treatment permitting 40 
the degradation of the non- hybridized RNA. 

To the medium obtained was then added a solution of cytochrome C ( 1 mg per ml) and 1 
microliter of a solution containing 1 mg per ml of avidin and 2 mg per ml of /i-galactosidase. of which 1 
molecule of /i-galactpsidase in seven is coupled with avidin. It is mixed and the solution is then left to 
45 stand at 4°C for 4 hours. The medium.was then diluted to 10 ml with the phosphate dialysis buffer and 
the solution obtained is subjected to ultracentrifugation for 1 hour at 35,000 rpm (in a BECK MAN 
ROTOR S W 4 1 centrifuge). The DNA and the hybridized RNA are to be found in the centrifugation cul t 
as well as the avidin /l-galactosidase bound to this RNA. The supernatant liquor contains the non- 
hybridized RNA degraded by the ribonuclease and the unbound avidin /i-galactosidase. 
50 The culot is collected and re suspended in 10ml of buffer. It is recent rifuged and the culot is taken 50 

up again in 0.5 ml of buffer (tube No. 1 ) and the activity of the /i-galactosidase on the ONPG substrate is 
assayed by the technique described by Miller ( Experiments in bacterial genetics. 1972. Cold Spring 
Harbor Laboratory**, Cold Spring Harbor. New York, USA), by measurement of the optical density of the 
medium at 420m*i. after incubation of the medium at 37°C for 30 minutes or more. 
65 Controls are prepared under conditions strictly identical with those which have been described 55 

above, except that in a first case the initial addition of ribosomic RNA (tube No. 2) wes omitted end in 
the other case the addition f mouse DNA (tube No. 3) was omitted. 

The results of the three assays carried out are shown in the table below: 
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Tube No. 


Contents 


Result of the assay (optical 
density at 420 after 30 
minutes at 37 m C) 


DNA RNA 


1 




0.45 


2 




0.14 


3 




0.15 



The signs ♦ and -. respectively in the columns under the headings DNA and RNA sianifv the 
presence or absence either of ONA. or of RNA. in the initial medium. " * 

As can be observed on examining this table, the optical density measured in tube No 1 
tutos 31 "'" 9 hVbrid ' * V6rV Si9nifican,,v orea,er ,han *• 0P<ical densities measured in the control 5 

w-hirh Hf exper . imen,al model " nich has -s« been described therefore illustrates the conditions under 
which the possible presence of a desirec ONA or DNA fragment may be detected. to the extent that. 
10 fSl-l ;° mplemen,af > }? ,his °' «° «h« ^A f raamen, is available by resorting to a simple 

!echnSn reqU,nn ° ' COmplica,ed ,ab °*tory equipment nor a particularly experienced 10 

n««I he ' nven,ion * a PP ,i «ble panicularly advantageously to in vitro diagnosis operations of the 

suc^hlrn^H" " b,0, c 0giCa ' S o mP,e ,b ' 0Od Sampl8 - Spedme " °' stools e ^<* vriou, viruses. 
1 ^ k ^ r t d ^ 0rPeS " EpS,em Ba ' r Virus Pox - cv'omegalo. etc. In the same way the invention 
1 5 may be apphad to the diagnosis, for example, of specific chromosomic anomalies. , S 

SnHh/H 8pp,icab,e /° ,he 'elation of bacterial diagnoses, in particular in the case where 

individual, are bearers of pathogenic genes, both expressed and non-expressed (or latenU 

It w.ll appear naturally to the specialist, in the case of investigating an infectious DNA that it is 

20 S3»^52 r J2f? * '? ,he heal,h / cha ' dC,e ' °' ,hu b ^ ,o « ica, a ^ 

STchromoo^ni^ 1^!,™^ '^a™" 1 °' *id sought, in the absence of induction observe on 20 

s " bs,ra,e - °' a « '••« an over shoot of the activity threshold, either predetermined 
expenmentally. or by comparison with controls free of the virus. 

^J^r*!*^' ab . 9ence °' ac,i <>" observed with respect to the chromogenic substrate notably 
25 ^T ra „^, e ^ n,, ° ned ,hre , Sh0ld ' in ,he 0,her °' application, envisaged abcveTway of 

c££va"d' S?r J^r^H 6 ° a " l n ° malV °' thech ' omo ^ic anomaly sough? in the absence of 25 
observed total or partial hybr.d.*at.on. between the probe and the DNA studied 

•kit." POSSible \° P ' aCe - ,0f examp,e ' at th0 d «P° sal <* madical analysis laboratories 

j£n£?£2fL eS8enl,a ' reaClantS ,0f ,he ^cation of the process according to the 
30 HnT!, , h ^ M •"I'""' cu,8r - contain a s^P'ino of probes corresponding, for- example to the 

to i'SLT. oerT °h C h 0n r en, 1 '° na,,V » ou « ht p8tho « 8 " ic ^*> 8 of btciS* or even of probes 30 
.tSns'under te.f " ^ n ° m,a " V 68 C ° n,8in ° d bio,0 « ica ' 8p8ci ™ 8 • "ot-bfrbtood 

In this regard, the invention relates hence to a kit characterized in that it comprises 
36 acid ^ouJnl*. "^lYT'u C P '°^ f °JT 1ed ,f0m RNA 0r " RNA » ,rand - characteristic of a nudaic 

Sin a^m. t0 * *° uflhl ,h » Probe "•'"« "o^* cnemic.IV tor its coupling 36 

~ " T M4rV ' modified 90 8S '° b8 8b "» to be coupled with said probe 

— a substrate, notably a chromogene. specific to the enzyme 

40 medium ^TT*-! "• c *J Mr ^ ter *• 'V 8i> °' cellar medium to be studied, notably a blood 
40 medium, and tor tha extraction of nucleic acids from the call, of this medium. 

by a onLl2ZZ*ZZ £ *• 'JZ 9 ™ 9 - * i! »*""t»B«ou. to constitute tha modify probe 

45 an ^r^tl^^^^T- bV yVaVO,nOVW ' indu * rial P^^t- *> the coupfing product of 

?rp^c^(?»iX^2«^t^-^ , ^ t ?* ?2 a i d Wl,h ™• P • C, to 8 • ob « & «*. "otoWv chromooanic) and 
to ^pTfc^D^A 21^'^ d ' r r C,,V ' ° r * rouflh a coup,,no •A*"- '« rel.t«7«, again 
ewlbto?! SnaSl! ^.* UV ?r 8nd ° f l68tt on * C"^'cal molecule, the whole th n being 
te£ ?fy££S3 St n^l" Pro66 (RNA ° f ^ if '^""'V n^rfied. Itself capaoT. f 
50 ^XSS^^''JT '^"^ ^ V ^ , " mp,M °' •"^ "ovrt ^duatri- product,. 

Q-Uc^Xsa r ao^n lun i^ P ^ U J^ a Pr0b * (RNA W DNA » wi,h an »«ch as /J- 50 

W S,u«. th. 'rl^ P ^ ^ <V<d,n 0f 01 b,0,,n wi,h enryme. 

certain DNMrag^n^n Jl-row:^: °*T ' "• ,d, ° f aPP ' iCi,i ° n - ^ f ° r ' ab8< ^ °' 



40 
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not of a particular DNA fragment in experiments of genetic sorting comprising for example operations of 
transforming ONA from an infected cell with a foreign ONA containing the DNA fragment concerned or 
on the contrary operations of transduction including the incorporation of a DNA fragment concerned, 
normally contained in the ONA of the cell, in the ONA of the virus used for the infection of the cell. etc. 
5 to the extent that, of course a probe constituted by the RNA fragment or DNA complementary to the 
sought nucleic acid fragment is available. 

As is self-evident and as emerges already besides from the foregoing, the invention is in no way 
limited to those of its modes of application and embodiments which have been more especially 
envisaged, it encompasses on the contrary a'l modifications, notably those where recourse is had to 

1 0 modifications of the probe which may enable the enzymatic assay of the hybrid and modifications 

relating to the formation and/or purification of the hybrids, to the labeling or the chemical modification 
of the DNA studied itself, under conditions which have been described above, the RNA probe not being 
the subject of any particular labeling; such an inversion of the reactants may be envisaged, for example 
in the case of a DNA including numerous examples of repetitive genes, that it is desired to isolate from 

1 5 tne whole DNA, in the form of a hybrid with a probe, after fragmentation of the DNA concerned by 
conventional techniques. It is self-evident that these equivalents are included within the field of 
protection defined by the claims. 

By way of yet another modification, it is possible to have recourse to a process consisting of 
marking the hybrid formed by the desired DNA and the probe, by means of an anti-hybrid antibody. 

20 coupled to an enzyme such as i-galactosidase. 



10 



15 



20 



CLAIMS 

1 . Method of detecting the possible presence or of characterizing a sequence or particular 
fragment of nucleic acid, notably of a gene, even of the whole nucleic acid in the midst of a complex 
sample of nucleic acids, by contacting the sample, if necessary, after prior denaturation of the nudeic 

25 acid under study, with a probe comprising a complementary nucelic acid, capable of being hybridized 25 
with the nucleic acid sequence or the nucleic acid sought, characterized in that the probe used is a 
probe modified chemically by coupling with or for coupling with an enzyme, prior or subsequent to the 
hybridization reaction, the possible presence of the nucleic acid sequence or of th« nucleic acid sought 
being revealable by the action of the hybridization thus-convened product of the probe and of the 

30 sequence of or of the nucleic acid sought on an enzyme substrate. 30 

2. Process according to Claim 1 . characterized in that the enzyme is selected according to its 
capacity to act on a chromogene substrate, and in that there is assayed, by optical analysis or the like, 
the transformation ratio of the substrate, which ratio is then correlatable with the presence or not of the 
nucleic acid sequence or of the nucleic acid sought in the initial specimen. 

35 3. Process according to Claim 1 or Claim 2. characterized in that the probe is modified by a 35 

chemical group capable of forming a stable complex with the enzyme or a molecule itself bound stably 
with the enzyme. 

4. Process according to Claim 3. characterized in that the above said chemical group and the 
abovesaid molecule are respectively constituted by biotin and avidin or vice versa. 
40 5. Process according to Claim 4, charactenzed in that the enzyme is constituted by /J- 40 

galactosidase. 

6. Process according to anyone of Claims 2 to 5, characterized in that the hybridization is first 
carried out, then the coupling reaction between the chemically modified and hybridized probe, on the 
one hand, and the enzyme, on the other hand, and in that there then follows the separation or the 

45 degradation of the possible excess of non -hybridized probe. 45 

7. Process according to any one of Claims 2 to 5, characterized in that the hybridization is first 
carried out and in that the coupling reaction is then carried out between the chemically modified and 
hybridized probe, on the one hand, and the enzyme on the other hand, after operation or degradation of 
the possible excess of non -hybridized probe. 

50 8. A 'kit *, characterized in that it comprises: 50 

— at least one specific probe formed from RNA or a tingle DNA strand, characteristic of a desired 
nucleic acid sequence or nucleic acid, this probe being modified chemicatfy for its coupling with an 
enzyme. 

— said enzyme. possibly modified so as to be able to be coupled with said probe. 

55 — a substrate, notably a chromogsn. specific to the enzyme. 55 

— the reactants necessary for the lysis of the cellular medium t be studied, notably a Wood 
medium, and for the extraction f the nucleic acids from the cells of this medium. 

9. Kit according t Claim 8. characterized in that it c mprises: 

-- at least one RNA prob to which biotin is bound. 
60 - the coupling product of avidin and an enzyme, such as /^galactosidase. 60 

1 0 The coupling product of an enzyme, notably developable by its action with respect t a 
chromrgen substrate, and a probe IRNA or ONA), either directly, r through a coupling agent. 

1 1 Coupling product of an enzyme, notably whose action may be dev loped with respect to a 
chromogenic substrate, and at least one chemical molecule, the whole then being coup la We with an 
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RNA or DNA probe, if necessary, modified for this purpose. 

1 2. Coupling product according to Claim 1 1 of an enzyme, such as ;i-ga(actosidase. and a 
substance such as avidin or biotin. 



Pnnt«J fo» Htr M«*tfy 1 St«l*>o«ry 0*Kt by Cou*«f P'«M U»™«^to« So* *9 79 Put>»>*n#<J by th« 0*«« 
25 Southampton 8u<*d<ny« London. WC2 A iav Uo*r\ **.cn coo»« '"■v b* obtained 



